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,QWURGXFWLRQ
7KHVHGD\V VHYHUDO IUHHIRUP IDEULFDWLRQ WHFKQLTXHV DUH HVWDEOLVKHG LQ LQGXVWU\ZKLFK HQDEOH WKHJHQHUDWLRQRI
XQLTXH WKUHHGLPHQVLRQDO GHVLJQ PRGHOV RU SURWRW\SHV :KLOH WHFKQLTXHV DV 'SULQWLQJ RU )XVHG 'HSRVLWLRQ
0RGHOLQJ)'0\LHOGSDUWVZKLFKXVXDOO\VKRZDSRRUHUPHFKDQLFDOVWDELOLW\SRZGHUEHGEDVHG WHFKQLTXHV OLNH
ODVHUEHDPPHOWLQJ/%0RISRO\PHUVRUPHWDOVFDQSURYLGHDGYDQFHGPHFKDQLFDOSURSHUWLHV.UXWKet al.
'XH WR WKDW /%0 FDQ DOVR EH XVHG IRU WKH IDEULFDWLRQ RI UHDO IXQFWLRQDO GHYLFHV HYHQ IRU KLJK SHUIRUPDQFH
DSSOLFDWLRQV LQFOXGLQJ DHURVSDFH WRROLQJ PHGLFDO GHYLFHV RU DXWRPRWLYH /HY\ et al.  :RKOHUV 








GHSRVLW OLQHV DQG GRWV QH[W WR HDFK RWKHU WR IRUP SDWWHUQHG OD\HUV ,Q WKH UHFHQW \HDUV UHSRUWVZHUH JLYHQZKLFK
SURSRVHQR]]OHVIRUPLFURGRVLQJDQGGHSRVLWLRQRISRZGHUPDWHULDOVIRUDSSOLFDWLRQVLQDGGLWLYHPDQXIDFWXULQJ/X
et al.D6WLFKHOet al.D RU LQ WKHSKDUPDFHXWLFDO LQGXVWU\ &KHQet al.D&KHQet al.E$V
GRVLQJ PHFKDQLVP GLIIHUHQW PHWKRGV ZHUH LQYHVWLJDWHG <DQJ et al.  VXFK DV SQHXPDWLF YROXPHWULF
VFUHZDXJHUHOHFWURVWDWLFDQGYLEUDWRU\PHWKRGV$PRQJWKHPWKHXVDJHRIYLEUDWLRQWRLQLWLDWHDQGFRQWUROSRZGHU
IORZLVRQHRIWKHPRVWSURPLVLQJPHWKRGVDQGZDVVWXGLHGE\VHYHUDOUHVHDUFKJURXSVLQWKHUHFHQWGHFDGHV/X et 




-LDQJ et al.6WLFKHOet al.D
,QRUGHU WR UHDOL]HDGRVLQJV\VWHPEDVLQJRQYLEUDWLQJQR]]OHV IRU/%0DSSOLFDWLRQ WKH WHPSRUDODQGVSDWLDO
FRQWURODFFXUDF\RIWKHSRZGHUPDVVIORZLVLPSRUWDQWIRUWKHUHSHDWDEOHJHQHUDWLRQRIPXOWLPDWHULDODUUDQJHPHQWV
ZLWKGHILQHGSRZGHU]RQHV+RZHYHUWHPSRUDODQGVSDWLDODFFXUDF\LVQRWQHFHVVDULO\JLYHQVLQFHWKHGU\SRZGHU
GHOLYHU\ LV DIIHFWHG E\ WKH VWDELOLW\ RI WKH YLEUDWLRQ PRGH DQG WKH FXUUHQW SRZGHU FRQGLWLRQ ZKLFK LV HDVLO\
LQIOXHQFHG E\ WKH HQYLURQPHQWDO FRQGLWLRQV LQFOXGLQJ KXPLGLW\ DQG WHPSHUDWXUH 5XPSI  0RUHRYHU WKH
SRZGHUV¶IORZDELOLW\LQIOXHQFHVHVVHQWLDOO\WKHPDVVIORZDQGGHSHQGVRQWKHFRKHVLYHIRUFHVEHWZHHQWKHSDUWLFOHV
YDQGHU:DDOVHOHFWURVWDWLFLQWHUDFWLRQHWFZKLFKDUHGLIIHUHQWIRUGLIIHUHQWSRZGHUV
,Q WKLV UHSRUW WKH PDVV IORZ FKDUDFWHULVWLFV XSRQ YLEUDWLRQ H[FLWDWLRQ IRU WZR QR]]OHV ZLWK GLIIHUHQW RULILFH
GLDPHWHUVLVLQYHVWLJDWHGLQRUGHUWRGHWHUPLQHWKHWHPSRUDODFFXUDF\RIWKHPDVVIORZDQGWRHVWLPDWHWKHUHOLDELOLW\
RI WKH VWDUWVWRS IXQFWLRQ 7KHUHIRUH D ZHLJKLQJ FHOO LV XVHG HQDEOLQJ WLPHUHVROYHG PDVV IORZ PHDVXUHPHQWV
0RUHRYHUGLIIHUHQWSRZGHUPDWHULDOVZHUHXVHGWRUHODWHSRZGHUPDWHULDOVSHFLILFDWLRQVWRWKHPDVVIORZEHKDYLRXU
([SHULPHQWDO
2.1. Vibrating Nozzle and Characterization Setup 
$ VFKHPHRI WKH H[SHULPHQWDO VHWXS FRQVLVWLQJ RI WKH YLEUDWLQJQR]]OH DQGPHDVXUHPHQW GHYLFHV DVZHOO DV D
SKRWRJUDSKLFLPDJHRIWKHQR]]OHVXVHGDUHGLVSOD\HGLQ)LJ7KHQR]]OHVDUHPRXQWHGRQDSLH]RHOHFWULFDFWXDWRU
LQ VXFKZD\ WKDW D ORQJLWXGLQDOO\YLEUDWLRQFRXOGEHH[FLWHGSUHGRPLQDQWO\7ZRQR]]OHV 11ZLWKGLIIHUHQW
RULILFHGLDPHWHUVDUHXVHGZKLFKDUHPDGHRXWRIVWHHOE\PHDQVRIVSDUNHURVLRQVLQNLQJ7KHRULILFHGLDPHWHUVDUH
   P 1 DQG    P 1 DQG WKH LQWHULRU LQFLGHQW DQJOHV DUH  1 DQG  1 7KH
SLH]RHOHFWULF DFWXDWRUEDVHVRQ DSDUDOOHORJUDPGHVLJQZKLFK HQVXUHVPLQLPDO ODWHUDO RVFLOODWLRQVGXULQJG\QDPLF
RSHUDWLRQ ZLWK KLJK IUHTXHQFLHV 7KH VLQXVRLGDO VLJQDO RI D IXQFWLRQ JHQHUDWRU ZDV DSSOLHG WR WKH DFWXDWRU $
ZHLJKLQJFHOODOORZVWKHWLPHUHVROYHGPHDVXUHPHQWRIWKHPDVVDFFXPXODWLRQZLWKDUHVROXWLRQRIPJDQGD










2.2. Powder Materials 
7KH XWLOL]HG SRO\PHU SRZGHUV DUH OLVWHG LQ 7DE  LQFOXGLQJ SDUWLFOH VL]H GDWD 6(0 LPDJHV RI WKH UHVSHFWLYH
SRZGHUVDUHGLVSOD\HGLQ)LJ3RO\DPLGH3$SRZGHUZKLFKLVODEHOHGDV3$ZDVREWDLQHGIURP(26
*PE+ .UDLOLQJ *HUPDQ\ DQG LV PRVWO\ XVHG ZLWK /%0 DSSOLFDWLRQV 3$ LV FRQIHFWHG E\ SUHFLSLWDWLRQ





/DVHU %HDP 0HOWLQJ 6/%0 RI PXOWLPDWHULDOV LQ RUGHU WR LPSURYH WKH DEVRUSWLRQ EHKDYLRXU RI WKH SRZGHU
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3.1. Suitable Vibration Modes for Powder Dispensing 
:LWKRXW YLEUDWLRQ QR SRZGHUPDVV IORZ FRXOG EH GHWHFWHG 7KH SRZGHU GHYHORSV DQ DUFKLQJ VWUXFWXUH LQ WKH
QDUURZHQGRIWKHQR]]OHZKLFKSUHYHQWVWKHSRZGHUIURPIDOOLQJ:LWKDSSO\LQJYLEUDWLRQWKHSRZGHUIORZFDQEH
LQLWLDWHGE\EUHDNLQJWKHSRZGHUDUFK+HUHWZRNLQGVRIHIIHFWVRQWKHSRZGHUIORZKDYHWREHWDNHQLQWRDFFRXQW
FRPSDFWLRQ DQG GLODWLRQ :KLOH WKH ODWWHU UHVXOWV LQ UHGXFHG IULFWLRQ EHWZHHQ WKH SDUWLFOHV ZKLFK LQFUHDVHV WKH
IORZDELOLW\ DQG WKXV HQKDQFHV PDVV IORZ FRPSDFWLRQ UHLQIRUFHV IULFWLRQ DQG GUDJV WKH PDVV IORZ 7KH
SUHGRPLQDWLQJ HIIHFW LV GHWHUPLQHGE\ WKHSRZGHUV¶ SURSHUWLHV PRUSKRORJ\PHFKDQLFDO SURSHUWLHV HWF DQG WKH
QR]]OH¶V JHRPHWU\ RULILFH GLDPHWHU LQWHULRU DQJOH DVZHOO DV E\ WKH YLEUDWLRQPRGHVZKLFK DUH GHILQHG E\ WKH
YLEUDWLRQIUHTXHQF\DPSOLWXGHRULHQWDWLRQDQGVKDSH




6LQFH WKH YLEUDWLRQ FKDUDFWHULVWLF FDQ EH TXLWH FRPSOLFDWHG DQG VWURQJO\ GHSHQGV RQ WKH SLH]R DFWXDWRU GHVLJQ















KLJKHU2EYLRXVO\ WKH VLJQLILFDQWGLIIHUHQFH LQ WKHSHDNV DVZHOO DV LQ DYHUDJHPDVV IORZ UHVXOWV IURP WKHZLGHU
RULILFHGLDPHWHURIQR]]OH7KHUHDVRQIRUWKHLQLWLDOSHDNLVWKHUHODWLYHO\ORZEXONGHQVLW\RIWKHSRZGHULQVLGH
WKHQR]]OHEHIRUHYLEUDWLRQ:KHQWKHYLEUDWLRQLVDFWLYDWHGIRUWKHILUVWWLPHWKHSRZGHUDUFKLQWKHQDUURZHQGRI
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PDVV IORZ RI PJVZLWK YHU\ VPDOO IOXFWXDWLRQV DW D UHODWLYH VWDQGDUG GHYLDWLRQ RI  3( DQG 33 DUH QRW DV
EHQHILFLDOO\VKDSHGEXWVSDWWHUHGZLWKDKLJKDPRXQWRIVPDOOSDUWLFOHVOHDGLQJWRDJJORPHUDWLRQDQGWKXVWRDORZ
IORZDELOLW\&RQVHTXHQWO\ 3( IORZV DW D UDWH RIRQO\ PJVZKLOH33 DW PJV0RUHRYHU 3( LQ SDUWLFXODU
VKRZVDODUJHVWDQGDUGGHYLDWLRQLQGLFDWLQJDQLUUHJXODUSRZGHURXWSXWUHVXOWLQJIURPH[FHVVLYHDJJORPHUDWLRQGXH
WR LQWHUORFNLQJ RI WKH VSDWWHUHG SDUWLFOHV ,Q )LJ FG GHSRVLWHGPDVV RI 3$ LV FRPSDUHG WRPDVV RI 3(7KH
SLFWXUHVFOHDUO\GHPRQVWUDWHWKHWHQGHQF\RI3(33OLNHZLVHWRDJJORPHUDWH:KLOH3$VSUHDGVHYHQO\RYHUWKH
YHVVHO3(IRUPVDKHDSZLWKVWHHSVORSHVRXWRIDJJORPHUDWHGXQLWV
,Q RUGHU WR LPSURYH SRZGHU GLVFKDUJH IORZDELOLW\ HQKDQFLQJ DGGLWLYHV VXFK DV $HURVLO IXPHG VLOLFD FDQ EH
DGPL[HG7KLVFOHDUO\HQKDQFHVPDVVIORZWRDERXWPJVIRU3(DQG33ZKLFKLVWKHQVLPLODUWRWKHPDVVIORZRI




H[SODQDWLRQ FRXOG EH DQ LQKRPRJHQHRXVPL[LQJ SURFHVV 6LQFH WKH SRZGHU ZHUH PL[HGPDQXDOO\ $HURVLO DQG















,Q WKLV UHSRUW WKH GHOLYHU\ RI SRO\PHU SRZGHU E\ YLEUDWLQJ QR]]OHV ZDV LQYHVWLJDWHG ZLWK UHVSHFW WR WKHLU
DSSOLFDWLRQLQ/%0PDFKLQHV7KHUHIRUHVWHHOQR]]OHVDWWDFKHGWRDSLH]RDFWRUDQGDZHLJKLQJFHOOZHUHXVHGLQ










IRU VHOHFWLYH SRZGHU GHSRVLWLRQ XVLQJ YLEUDWLQJ QR]]OH UHVXOWLQJ LQ D PDVV IORZ RI  PJV ZLWK D ORZ VWDQGDUG
GHYLDWLRQ RI    1HYHUWKHOHVV PDVV IORZ LV HYHQ SRVVLEOH ZLWK SRZGHUV ZKLFK DUH QRW RSWLPL]HG UHJDUGLQJ
IORZDELOLW\ EDVLQJ RQ 3( RU 33 EXW LV UHDGLO\ HQKDQFHGZLWK D IDFWRU RI  WR  E\ DGPL[LQJ ZW$HURVLO
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%OPHO & 6DFKV0 /DXPHU 7:LQ]HU % 6FKPLGW - 6FKPLGW0 3HXNHUW::LUWK .(  ,QFUHDVLQJ IORZDELOLW\ DQG EXON
GHQVLW\RI3(+'SRZGHUVE\DGU\SDUWLFOHFRDWLQJSURFHVVDQGLPSDFWRQ/%0SURFHVVHV5DSLG3URWRW\SLQJ-±
&KHQ ; 6H\IDQJ . 6WHFNHO +  'HYHORSPHQW RI D PLFUR GRVLQJ V\VWHP IRU ILQH SRZGHU XVLQJ D YLEUDWLQJ FDSLOODU\ 3DUW  7KH
LQYHVWLJDWLRQRIIDFWRUVLQIOXHQFLQJRQWKHGRVLQJSHUIRUPDQFH,QW-3KDUP




















6WLFKHO 7/DXPHU 7$PHQG 35RWK 6 3RO\PHU3RZGHU'HSRVLWLRQZLWK9LEUDWLQJ&DSLOODU\1R]]OHV IRU$GGLWLYH0DQXIDFWXULQJ ,Q
³3URFHHGLQJVRI,QIRUPDWLRQ&RPPXQLFDWLRQDQG$XWRPDWLRQ7HFKQRORJLHV,&$7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7RORFKNR1.0R]]KDURY6($UVKLQRY0.,JQDW¶HY0%/DZVJRYHUQLQJYLEUDWLQJIHHGLQJRIILQHO\GLVSHUVHGSRZGHULQWRD
ODVHUVLQWHULQJ]RQH 3RZGHU0HWDOO0HW&HUDP
:RKOHUV77:RKOHUV5HSRUW'3ULQWLQJDQG$GGLWLYH0DQXIDFWXULQJ6WDWHRIWKH,QGXVWU\$QQXDO:RUOGZLGH3URJUHVV5HSRUW
:RKOHUV$VVRFLDWHV,QF,6%1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